Objective: To investigate the effect of neutrophil-lymphocyte ratio (NLR) on survival and mortality in patients who were interned in the Neurology Intensive Care Unit (NICU). Study Design: A cohort study. Place and Duration of Study: Tertiary referral hospital in Bolu, Turkey, between February 2016 and November 2017. Methodology: Demographic data, hemogram and other laboratory parameters of the patients who were treated in NICU were retrospectively recorded. The patients who had a history of hematologic disease and/or premorbid use of corticosteroids were excluded from the study. Patients were divided into two groups: surviving and dead patients. Mann-Whitney U-test, Independent sample t-test or Chi-square test was used to compare the data between the groups, including demographic parameters, NLR and other blood parameters. Results: A total of 120 patients were studied. There was no significant difference in age, gender, hemoglobin (Hb), platelet (PLT), and erythrocyte distribution width (RDW) between the two groups. On the other hand, The NLR values [(3.9 (0.9-48) vs. 11.9 (0.9-69, p <0.001))], C-reactive protein [CRP=(25.6 mg/dL (0.1-250) vs. 57.7 mg/dL (1.2-337, p <0.002)] and white blood cell [WBC=(8.9 µ/mm 3 (3-59.8) vs. 12.4 µ/mm 3 (5-41.3), p <0.002)] were significantly higher in dead patients compared to survived patients. Conclusion: Elevated NLR ratio in NICU patients may be considered as a poor prognostic factor. Clinicians should be more cautious in the follow-up of these patients.
INTRODUCTION
Intensive care units (ICUs) are specially designed units where life-threatening organ deficiencies seen during the course of acute and chronic diseases are treated and monitored. Health personnel working in intensive care units consist of specially trained individuals. Allcause mortality rates are higher in ICUs than other services. 1 Neurological intensive care units (NICUs) are designed to provide special care for patients with acute neurological and neurosurgical illnesses such as intracranial pressure elevation, subarachnoid hemorrhage and status epilepticus. 2 Patients in the ICU have higher morbidity and mortality risks due to underlying disease, acute lung injury, and critical illness syndromes such as sepsis. 3 It is very important to determine the prognosis of these patients.
In recent years, some laboratory parameters are thought to be used as a reliable and cost-effective method of showing inflammation and survival. Neutrophil-tolymphocyte ratio (NLR), calculated by dividing the absolute lymphocyte count by absolute neutrophil count, is an easily applicable biomarker to assess inflammatory status. 4, 5 The normal values of NLR vary between 0.78 and 3.53, depending on age and race. 6, 7 According to recent studies, NLR serves as a stronger inflammatory marker than neutrophils or lymphocyte itself. 8 It has been shown that the NLR is an important predictor of poor clinical outcome in various diseases, such as cardiovascular disease, cancer, infectious disease and ischemic stroke. [9] [10] [11] [12] The white blood cell (WBC) count is a clinical biomarker of systemic inflammation and a powerful prognosticator of mortality. Acutely, the WBC is increased by infection and other stressors and chronically by toxic or irritative exposures. As WBC count is a nonspecific marker, it can be used to predict risk for several diseases. 13 Elevation in WBC count is shown to be associated with all-cause of mortality as well as cerebrovascular diseases, cardiovascular diseases, and cancer. [14] [15] [16] In clinical practice, count of WBC is the most commonly used marker for systemic inflammation. However, it is considered that C-reactive protein (CRP) is the most valuable diagnostic marker predicting mortality. In several studies, an increased CRP level found to be associated with higher vascular and nonvascular mortality risk in elderly patients. 16, 17 In this study, the aim was to evaluate the admission NLR and hemogram parameters of NICU patients, and determine the difference between survived and dead patients in terms of those parameters.
METHODOLOGY
This cohort study includes 120 patients who were treated in NICU, between February 2016 and November 2017. Based on the data of a previous study, 17 a total of 110 patients were required to achieve  <0.05, and 1-=0.80. All patients admitted to the NICU were included in the study except those who had a history of hematologic disease and/or premorbid use of corticosteroids which would affect the distribution of WBC.
After approval from the local editorial board of Bolu Abant Izzet Baysal University, demographic data, hemogram and other laboratory parameters of the patients were retrospectively recorded. Patients were divided into two groups: surviving patients and dead patients. Age, gender, number of comorbid diseases (hypertension, diabetes, congestive heart failure, cancer, ischemic or hemorrhagic stroke, coronary artery disease, and chronic renal failure), length of stay in NICU (days) and initial laboratory data on admission were recorded. Laboratory and hemogram parameters included WBC, hemoglobin (Hb), hematocrit (Htc), red cell distribution width (RDW), platelet (Plt), mean platelet volume (MPV), CRP and plasma glucose levels. For all statistical analysis, statistical software package 15.0 for Windows (SPSS) was used. The homogeneous distribution was expressed as mean and standard deviation (SD) and the independent sample ttest was used to compare parameters between the groups. The group with no homogeneous distribution was noted as median (maximum-minimum) and the Mann-Whitney U-test was used for comparison. To compare categorical variables, Chi-square test was used. A p-value of lower than 0.05 was considered as statistically significant. Power analysis was performed using the statistical software G*Power.
RESULTS
One hundred, and twenty patients were included in the current study. Twenty-eight of these patients died and 92 of them survived during follow-up in the NICU. Mean ages of the survived and dead patients were 74.5 (1-96) and 74.5 (61-90) years, respectively. Of the 92 survived patients, 45 were males. Fourteen of 28 patients who died during the follow-up were males. There was no any significant difference between the dead and survived groups terms of gender (p = 0.920) and existing of comorbid disease (p = 0.951, Table I ). The length of hospital stay was 4 (1-85) in the survived group and 7 (1-57) days in the dead group. The difference between the two groups in terms of hospital stay (days) was significant (p = 0.001). No significant difference was found between the two groups in hemoglobin, hematocrit, red cell distribution width, platelet count, and mean platelet volume (p >0.05). The NLR was found to be 3.9 (0.9-48) in the survived group and 11.9 (0.9-69) in the dead group; and the difference between the two groups was significant (p <0.001). The WBC values were found to be 8.9 µ /mm3 (3-59.8) in the survived group and 12.4 µ /mm 3 (5-41.3) in the dead group, and the difference between the two groups was significant (p = 0.002). C-reactive protein values were found to be lower in the survived group, 25.6 mg/dL (0.1-250), than in the dead group, 57.7 mg/dL (1.2-337), and the difference was also significant (p = 0.002). Plasma glucose levels were found lower in the survived group 113 mg/dl (39-394) than in the dead group 146 mg/dl (65-401) and this difference was significant (p = 0.001, Table II ). There was no significant difference regarding the NLR values between the patients who had comorbid disease and those who had no comorbid disease [(4.4 (0.9-32.3) and 4.8 (0.9-69.1) respectively, p=0.475)]
DISCUSSION
The results of this study showed that a high NLR value was associated with mortality and could be considered a predictor of survival in neurological ICU patients. Additionally, CRP, plasma glucose levels, WBC count and prolonged ICU stay were found to be associated with mortality. Prolonged ICU stay after transcatheter aortic valve replacement has been found to be associated with worse short-and long-term outcomes and increased mortality in a report by Hiquchi et al. Patients with prolonged ICU stay had worse long-term survival and a predictor of mortality. 18 In another study, prolonged ICU stay was found to be associated with a worse clinical course and decreased overall survival. 19 Consistent with the literature, we found the median value of ICU stay significantly higher in dead patients compared to survived patients.
A limited number of studies have evaluated NLR in neurological diseases.
In several studies, it has been shown that elevated NLR is a significant predictor of poor outcomes in patients with ischemic stroke. 20 Tao et al. reported that higher NLR were independently associated with mortality and worse outcome. Elevated NLR were independently related to poor 90-day outcome after intracerebral hemorrhage (ICH). It was suggested that NLR may be a novel inflammatory biomarker following ICH. 21 In another study, it was found that non-surviving patients with ICH had significantly higher NLR values than survived patients. Mortality was found to be significantly higher in patients with NLR values of 7.35 and above. Additionally, it was stated that NLR could be used as a predictor of 30-day outcome. 7 Similar to these reports, we found a significant association between higher NLR and increased mortality rate.
The WBC is a widely accepted predictor of prognosis and mortality of disease due to the fact that it indicates the host's response level to stressors and ensures an indicator for acute and also chronic inflammatory processes. Jee et al. reported that WBC and CRP levels are independent predictors of mortality in the older ages. 13 In several studies, it has been shown that an increased CRP level in elderly patients predicts increased mortality risk. 15 Consistent with literature, the present study confirmed these reports by demonstrating higher CRP and WBC levels in dead patients compared to survived patients.
Krinsley et al. reported that tight glycemic control was associated with decreased mortality in a heterogeneous critically ill adult patient population. 22 In our study, we also found significantly higher plasma glucose levels in unsurviving group.
Relatively small sample size and retrospective design are the limitations of this study. These limitations may cause difficulty for interpretation of the results. However, to authors' knowledge, it is the first study that investigated the relation between mortality and hemogram parameters in neurological ICU patients.
CONCLUSION
In NICU patients, the NLR counted from the CBC parameters obtained at the time of hospital admission may be a predictor of mortality. We consider that randomised controlled studies should be carried out in NICU patients in order to investigate the mortality prediction strength of NLR due to the fact that hemogram analysis is a routinely used and inexpensive test.
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